explored. However the density of states near the Fermi
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surements may correspond to a case of \cold melting,"

energy does decrease under compression, leaving a possi-followed by recrystallization, yielding a premature mea-

bility for a gap opening at higher pressures.

IV. CONCLUSION

We performed a systematic investigation of the beryl-
lium phase diagram under extreme conditions using the
rst principles thermodynamic integration method. At
0 K, we nd that the hcp phase of beryllium transforms
to the bcc phase at 405 GPa and that at higher tempera-
tures, the Clapeyron slope of the hcp-bcc phase boundary
is negative. We showed that the quasiharmonic approx-
imation tends to underestimate the stability of the hcp
phase. When the full anharmonicity is considered, we
nd a solid-solid phase boundary that is similar to that
predicted by QHA at low temperatures, but is shifted to
higher pressures with increasing temperature. Our triple
point is located at 164.7 GPa and 4314 K, much higher
pressure and temperature than the 85 GPa and 3400 K
suggested by the quasiharmonic approximation.

By tting the Fourier transform of the velocity auto-
correlation function to obtain the phonon quasiparticles,
we obtained the vibrational density of states at 3000 K
and calculated corresponding free energy. The free en-
ergy di erence between hcp and bcc phases calculated
by the TDI method is much smaller than that derived
by QHA and agrees well with the phonon quasiparticle
method, consistent with our predictions of a larger hcp
domain and higher hcp-bcc transition pressures.

We calculated the shock Hugoniot curve and found
it to be consistent with previous shock experiments.
Our Hugoniot crosses the solid-solid phase boundary at
200 GPa and 4000 K with small drop in temperature and
encounters the melting line at 235 GPa and 4900 K. Pre-
vious shock Hugoniot experiments that predict a lower
pressure for the onset melting from sound speed mea-

surement of the melting point.

Our melting line shows good agreement with two phase
method and heat-until-it-melts simulations predictions
below 6000 K, and is lower than that predicted by TDI
simulations using the empirical MEAM model. Our de-
rived melting temperatures extend the melting curve of
beryllium up to a pressure of 1600 GPa.

We computed isentropes in the liquid and solid phases
and found them to be shallower than our melting curve in
pressure-temperature space. We predict the thermody-
namic path of a hypothetical quasi-isentropic ramp com-
pression experiment. Starting with a liquid isentrope, it
would follow the melting line while the sample is in a
solid-liquid mixed state before entering the solid phase.
We predict Be to remain in a solid-liquid mixed state to
be present over a large temperature interval of 7000 K.
Based on the canonical value for the entropy of fusion, 0.9
kg /atom, one can expect for other materials the solid-
liquid state to be present over several thousand Kelvin.
The magnitude also depends on the shape of the melting
curve.
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